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A b s t r a c t -The Swiss c o n t r i b u t i o n t o t h e Large C o i l Task (LCT) i s a NbTi

P .
based 8 T c o i l c o o l e d by p r e s s u r i s e d s u p e r c r i t i c a l h e l i u m i n f o r c e d flow mode. Its f a b r i c a t i o n n e a r s completion. T h i s p r o g r e s s r e p o r t reviews some f i n a l c a l c u l a t i o n s , t h e e x p e r i e n c e on conductor and c o i l f a b r i c a t i o n a s w e l l a s t h e i n s t r u m e n t a t i o n f o r e s e e n and t h e r e s u l t s of t h e c u r r e n t l e a d t e s t s .
. INTRODUCTION S i n c e more t h a n a decade S I B has been engaged i n t h e development and o p e r a t i o n of l a r g e s u p e r c o n d u c t i n g (SC) magnets i n a j o i n t a c t i o n w i t h t h e d o m e s t i c i n d u s t q r e p r e s e n t e d e s p e c i a l l y by BBC. Baaed on t h i s e x p e r i e n c e , we d e c i d e d t o c o o l t h e c o i l w i t h p r e s s u r i z e d s u p e r c r i t i c a l h e l i u m i n f o r c e d flow mode / , 2 , 3 / .
This approach h a s t h e advantage, t h a t t h e c o o l i n g medium i s e n t i r e l y c o n f i n e d i n t h e conductor.
I t has f u r t h e r m e r i t s by c r e a t i n g a l l e v i a t i o n s e a s i l y e x p l o i t e d i n t h e d e s l g n of t h e c o i l , namely: 1 . The vacuumtightness of t h e c o i l c a s i n g is no i m p e r a t i v e requirement anymore, t h e r e f o r e i t can be o p t i m i z e d t o w i t h s t a n d merely t h e s t r o n g f o r c e s a c t i n g .
2.
The c a b l e i s i n t e r n a l l y cooled, t h e r e f o r e , a h i g h e l e c t r i c a l t u r n -t o -t u r n r e s i s t a n c e is a c h i e v a b l e . T h i s enhances t h e h i g h v o l t a g e d i s c h a r g e c a p a b i l i t y of t h e c o i l and a s a consequence a h i g h e r c u r r e n t d e n s i t y c a b l e can be a p p l i e d .
.
The u s e of p r e s s u r i s e d s u p e r c r i t i c a l h e l i u m a s c o o l i n g medium e x c l u d e s t h e p o s s i b i l i t y of f i l m b o i l i n g and vapor l o c k i n g , t h e r e f o r e t h e s t a b i l i t y of t h e c o i l is completely p r e d i c t a b l e .
. COIL CASING
To c a r r y t h e mechanical l o a d a b o l t e d box-type s u p p o r t s t r u c t u r e h a s been s e l e c t e d /4/. The h o t r o l l e d p l a t e s and f o r g e d b l o c k s a r e made of 3 1 6~/ 3 1 6 L~ t y p e s t a i n l e s s s t e e l .
The c a s i n g is s u b d i v i d e d i n f o u r s u b a s s a m b l i e s , i n n e r and o u t e r r i n g , s l d e p l a t e s and c o n n e c t i o n box.
The s t r a i g h t l e g of t h e D-shape h a s a key a s matlng s u r f a c e t o t h e buckingpost of t h e Large C o i l T e s t F a c i l i t y (LCTF).
A d d i t i o n a l mating s u r f a c e s on t h e t o p and bottom of both s i d e p l a t e s a r e f o r e s e e n t o s c o p e w i t h t h e o u t of p l a n e f o r c e s . Copper t u b e s s o l d e r e d o n t o t h e i n n e r r i n g and t o both s i d e p l a t e s w i l l be u s e d t o c o o l t h e c a s i n g i n d e p e n d e n t l y .
The s t r u c t u r e h a s been assembled i n J u n e 1983 f o r t h e f i r s t time.
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. CONDUCTOR FABRI CATlON
A f t e r i n v e s t i g a t i n g t h r e e d i f f e r e n t conductors t h e s o c a l l e d TUCO-cable has been chosen /5/. I t s micrograph i s shown i n Fig. 1 . I t is a f u l l y t r a n s p o s e d , copper s t a b i l i z e d t h r e e s t a g e conductor, f i l l e d w i t h high s t r e n g t h CdZnAg s o l d e r . The p r e s s u r i s e d s u p e r c r i t i c a l helium f l o w s i n t h e c e n t r a l copper tube.
To prove t h e v a l i d i t y of t h i s concept and t o develop t h e f a b r i c a t i o n technology a s e r i e s of e v a l u a t i o n s t e p s were needed /6/. The e s t i m a t i o n of t h e AC-losses showed t h a t i t is e s s e n t i a l t o u s e s h o r t t w i s t p i t c h e s , t o wrap t h e f i r s t s t a g e c a b l e i n an o v e r l a p p i n g manner w i t h a C d i f o i l and t o f i l l t h e c a b l e w i t h a h i g h r e s i s t i v i t y a~i : 3~r /7/. Thereby some gas 1s t r a p p e d l n t h e cable.
I n a second s o l d e r i n g s t e p most of t h e volds could be e l i m n a t e d by ultrasonic activation. A m c r o g r a p h of y16.l -Iiicr0graph t h e f i r s t s t a g e c a b l e i s shown l n Flg. 2 
. of t h e TLJCO c a t l e
The s o l d e r i n g o f t h e C u N i ribbon o n t o t h e c e n t r a l copper tube was made i n two s t e p s . The f i r s t run was needed t o cover i t s s u r f a c e w i t h a t h i n l a y e r of s o l d e r t o a c h i e v e i n t h e second one a good bond between i t s s u r f a c e and t h e C d i ribbon.
The s o l d e r i n g equipment f o r t h e t h i r d s t a g e c a b l e i s shown i n Fig.   3 . The c a b l e passed from t h e r o l l -o f f drum on t h e l e f t t o t h e f l u x e r s t a t i o n . I n a p r e h e a t e r t h e conductor was warmed by c i r c u l a t i n g h o t n i t r o g e n gas. The s o l d e r Pig.2 -Cross s e c t i o n bath was an e n c a p s u l a t e d box under n i t r o g e n atmoshpere t o of t h e I st s t a g e c a t i e reduce t h e oxydation of t h e h o t s o l d e r and t h e enviromental hazards of Cd. Here t h e c a b l e e n t e r e d t h e impregnation c h a n n e l i n t o which s o l d e r was pumped d u r i n g a p r o d u c t i o n run.
F i n a l l y t h e conductor went i n t o a 200 mm l o n g mold, made of s p e c i a l l y t r e a t e d s t e e l w i t h a n extremely h a r d s u r f a c e c o a t i n g .
The mold was e l e c t r i c a l l y h e a t e d a t i t s e n t r y s i d e , and cooled w i t h two independently r e g u l a t e d w a t e r c i r c u i t s a t i t s o t h e r end. An a d d i t i o n a l s p r a y c o o l i n g was needed a t t h e e x i t of t h e mold.
The speed of t h e s o l d e r i n g had t o be l a r g e r t h a n 1 m/min.
t
o a v o i d s i g n i f i c a n t d e g r a d a t i o n of t h e c r i t i c a l c u r r e n t d e n s i t y . On t h e o t h e r hand a
c a b l e v e l o c i t y l a r g e r t h a n 2 m/min. r e s u l t e d i n a poor s u r f a c e q u a l i t y . T e s t runs r e v e a l e d , t h a t t h e smootheness of t h e c a b l e edges, where p e r i o d i c a l l y l a r g e volumes had t o be f i l l e d w i t h s o l d e r , depends s t r o n g l y on t h e s i z e of t h e i n n e r corners of t h e mold. The c a b l e f a b r i c a t i o n s t a r t e d i n August 1982, and h a s been completed i n Way 1983. Fig.; -L o l d e r l~l g equlpment SLL tile strari?ct! conduct o r 4. COIL WINDING The c o i l c o n t a l n s 458 t u r n s s u b d i v i d e d i n 22 h y d r a u l i c a l l y p a r a l l e l c i r c u i t e d p i e s . To i n c r e a s e t h e s t a b i l i t y margin e s p e c i a l l y i n t h e high f i e l d r e g i o n of t h e c o i l t h e helium i n l e t is a t t h e innermost winding. Two p i e s w i t h a common s u p p l y l i n e a r e c a l l e d a pancake. One helium r e t u r n l i n e s e r v e s two p i e s from neighbouring pancakes. The p i e s a r e e l e c t r i c a l l y connected i n s e r i e s , thereby one may d i s
t i n g u i s h i n t e r n a l j o i n t s a t t h e helium i n l e t s and e x t e r n a l j o i n t s a t t h e helium o u t l e t s ;
The i n t e r n a l j o i n t s a r e a t t h e midplane on t h e o u t e r l a g of t h e D-shaped c o i l and t h e e x t e r n a l ones on t h e t o p i n t h e connection box.
The i n n e r r i n g of t h e c o i l c a s i n g was used a s winding bobbin.
Two t h i r d s t a g e c a b l e s were wound c o n s e c u t i v e l y t o produce a double pancake i n one sequence of operation.
The c a b l e s were s a n d b l a s t e d , coated w i t h an epoxy primer and t h e n wrapped w i t h s e v e r a l l a y e r s o f g l a s s f a b r i c t a p e s .
Subsequently t h e i n t e r n a l j o i n t was prepared.
The c a b l e ends were unsoldered, t h e CuNi f o i l s removed and t h e s t a i n l e s s s t e e l He-inlet p i p e brazed t o both Cu-tubes. Fig. 4 .
F i n a l l y t h e i n d i v i d u a l f i r s t s t a g e c a b l e s of both conductors were i n t e r l a c e d , f i t t e d i n t o a mold by f i l l i n g t h e voids w i t h copper and t h e n c a s t e d w i t h CdZnAg s o l d e r , s e e a l s o
To wind t h e c o i l one s t o r a g e drum was placed on t h e t o p of t h e mandrel, t h e i n t e r n a l j o i n t f i t t e d i n t o i t s p o s i t i o n and t h e c a b l e on t h e second drum was used t o produce t h e f i r s t p i e . Afterwards t h e c a b l e on t h e t o p of t h e c o i l was used t o wind t h e second p i e . For t h e o u t e r j o i n t s t h e f i r s t s t a g e c a b l e s were prepared i n t h e same way a s f o r t h e i n n e r one. The bare f i r s t s t a g e c a b l e was t h e n f i t t e d around t h e helium r e t u r n l i n e i n t o t h e mold. Before c a s t i n g t h e connection w i t h t h e CdSnAg s o l d e r t h e voids were a g a i n f i l l e d with copper. The winding of t h e p i e s s t a r t e d i n October 1982 and i t h a s been s u c c e s s f u l l y f i n i s h e d i n June 1983.
i n n e r ring. 
Since t h e n t h e o u t e r j o i n t s were i n s u l a t e d , t h e i r voids f i l l e d w i t h g l a s s f i b e r m a t e r i a l , t h e package i n s u l a t i o n of t h e c o i l f i n i
Then one s i d e p l a t e was b o l t e d t o t h e i n n e r r i n g and t h e o u t e r r i n g mounted. A r i s k y o p e r a t i o n was t o t u r n t h e c o i l u p s i d e down i n o r d e r t o i n s t a l l t h e o t h e r s i d e p l a t e .
The impregnation s t a r t e d r e c e n t l y i t t a k e s about a week time.
INSTRUMENTATION I n a f o r c e d flow cooled c o i l t h e most v i t a l probes a r e p r e s s u r e gauges and flow-meters.
C o i l winding and c a s i n g a r e c o o l e d i n p a r a l l e l . The p r e s s u r e is measured on t h e e n t r y and e x i t s i d e of both c o o l i n g c i r c u i t s by u s i n g a b s o l u t e p r e s s u r e t r a n s d u c e r s .
To m o n i t o r t h e flow of t h e s u p e r c r i t i c a l h e l i u m a s p e c i a l o r i f i c e w i t h a d i f f e r e n t i a l p r e s s u r e t r a n s d u c e r is used /a/.
Both t y p e s of t r a n s d u c e r s , i n s t a l l e d o u t s i d e t h e vacuum v e s s e l , a r e connected I;y c a p i l l a r y p i p e s t o t h e c o i l .
The flow through each p i e can be i n d i v i d u a l l y monitored, but f o r t h e c a s i n g t h e r e a r e l e s s s e n s o r s t h a n independent c o o l i n g c i r c u i t s .
The p r e s s u r e drop a t t h e o r i f i c e t o g e t h e r w i t h t h e
p r e s s u r e and t e m p e r a t u r e measured nearby a r c needed t o c a l c u l a t e t h e massflow. F o r t h i s p u r p o s e t e m p e r a t u r e s e n s o r s immersed i n t h e s u p e r c r i t i c a l h e l i u m a r e u s e d w i t h t h e i r s i g n a l c a b l e s r o u t e d i n s i d e t h e c a p i l l a r y p i p e s . Temperature i s measured by 75 thermocouples Type E above 40 K and below by 61 carbon g l a s s r e s i s t a n c e thermometers. Some thermometers a r e d i r e c t l y a t t a c h e d t o t h e c o i l c a s i n g i n o r d e r t o monitor t h e cooldown and warm up of t h e c o i l . R e c e n t l y two f u r t h e r CGRT-s were added, t h e s e e n c a p s u l a t e d s e n s o r s w i l l be used t o monitor t h e t e m p e r a t u r e of t h e a t m o s p h e r i c p r e s s u r e helium i n t h e SC-bus c o n n e c t i n g t h e c u r r e n t l e a d s t o t h e power s u p p l y . A l i m i t e d number of h a l l probes and s t r a i n gauges a r e mounted on t h e c a s i n g a t p o s i t i o n s where t h e h i g h e s t f i e l d and s t r a i n a r e e x p e c t e d . For t h e t e s t of t h e c o i l s t a b i l i t y 14 r e s i s t i v e h e a t e r s a r e enbedded i n t h e monolythic winding.
Each of t h e 11 double pancakes has a f u l l t u r n h e a t e r p l a c e d between t h e i n n e r m o s t t u r n s of its two p i e s . A d d i t i o n a l h e a t i n g is p r o v i d e d f o r t h e c e n t r a l t h r e e double pancakes by b i f i l a r l y wound 600 mm l o n g p u l s e d h e a t e r s . They a r e a r r a n g e d s y m m e t r i c a l l y t o t h e midplane i n t h e s t r a i g h t l e g of t h e D-shaped c o i l .
The f u l l t u r n h e a t e r s can be used t o s i m u l a t e t h e c o n t i n u o u s n e u t r o n h e a t i n g . The p u l s e d ones t o c r e a t e moderately f a s t d i s t u r b a n c e s n e a r t h e 8T p o i n t . To monitor t h e r e s i s t i v i t y of t h e j o i n t s and t o g e n e r a t e quench s i g n a l s t h e c o i l i s equiped w i t h 35 v o l t a g e t a p s . We developed and b e s t e d a vacuum t i g h t , h i g h v o l t a g e i n s u l a t e d f e e d t h r o u g h f o r LHe t e m p e r a t u r e .
The e l e c t r i c a l c o n n e c t i o n between t h e Cu-lead and t h e SC-cable is made a n a l o g t o t h e j o i n t s i n t h e c o i l , by c a s t i n g t h e b a r e f i r s t s t a g e c a b l e i n t o t h e Cu-lead.
The f e e d t h r o u g h w i l l be c o o l e d by t h e a t m o s p h e r i c p r e s s u r e h e l i u m i n t h e SC-bus.
The c y l i n d r i c a l e n c l o s u r e of t h e l e a d s e r v e s a s t h e vacuum t i g h t h i g h v o l t a g e i n s u l a t o r between c u r r e n t l e a d and c o i l c a s i n g . Three d i f f e r e n t i n s u l a t o r s made from GI0 t y p e m a t e r i a l s were t e s t e d /9/. The l e a k r a t e of t h e p r o b e s was l e s s t h a n lo-'' mbar l/s a t room and LHe-temperatures. The h i g h v o l t a g e c a p a b i l i t y a t room t e m p e r a t u r e i s w e l l above 20 kV, a t LHe t e m p e r a t u r e t h e breakdown v o l t a g e of two was h i g h e r t h a n t h e Fig.6 -P r o t o t y p e r e q u i r e d 7.5 kV. F i g . 6 shows t h e p r o t o t y p e . of t h e c u r r e n t l e a a The f i n i t e element methode program ASKA was used t o c a l c u l a t e t h e s t r e s s d i s t r i b u t i o n i n t h e winding and i n t h e c o i l c a s i n g f o r t h e n o s t demanding a s s y m e t r i c l o a d c a s e /lo/.
The program t a k e s i n a c c o u n t t h e f r i c t i o n between winding and c a s i n g .
The c a l c u l a t i o n s proved t h e soundness of t h e s t r u c t u r a l d e s i g n and s e r v e d t o s p e c i f y t h e b o l t and p i n d i s t r i b u t i o n c o n n e c t i n g t h e i n n e r and o u t e r r i n g s t o t h e s i d e p l a t e s .
Q u a s i s t a t i o n a r y thermal c a l c u l a t i o n showed t h a t t h e minimum s t a b i l i t y margin i s O.7K / I t / .
The cooldown and warmup of t h e c o i l h a s been a n a l y s e d w i t h a 2-D f i n i t e element h e a t conduction program /12/.
The c o i l can be cooled below 80K by c i r c u l a t i n g t h e s p e c i f i e d helium mass merely i n t h e casing.
Below t h i s i n i t i a l normal zone and t h e time Nominal current 13. 0 kA e l a p s i n g u n t i l a dump i s i n i t i a t e d .
Peak field
T
The maximum p r e s s u r e does n o t exceed c r e a t e a h o t s p o t , of 60K. Assuming t h a t a normal zone i n one p i e would Table 11 .
Time constant of discharge 10 .5 s
FINAL REMARKS
The c o i l w i l l be t e s t e d p r i o r t o shipment a t room temperature. I t s d e l i v e r y t o Oak Ridge i s expected around t h e end of t h i s year. Funds t o b u i l d t h e c o i l were made a v a i l a b l e by t h e Swiss N a t i o n a l Energy Research Foundation (NEFF), by t h e Swiss Government and i n d u s t r y .
